Advanced metastatic tumors are often immunosuppressive and therefore challenging to treat with immunotherapy. This is the case with ovarian cancer of epithelial origin (epithelial ovarian carcinoma; EOC), the seventh most common cancer in women. The location of the primary tumor is commonly deep in the pelvis, which frequently leads to delayed diagnosis. At the time of diagnosis the disease has often metastasized to other locations such as regional lymph nodes and the peritoneal cavity. Despite initial response to first-line therapy, the majority of patients relapse and die from their disease.
Over recent years, it has been shown that immune therapy can induce antitumor immunity in several solid tumor types such as melanoma, renal cell carcinoma, and ovarian cancer. [1] [2] [3] [4] [5] Moreover, this has resulted in clinical efficacy and there are now several immune-based therapies that have been either approved for therapy in melanoma or are in late-stage clinical development. 6 The first evidence for the role of immunosurveillance against ovarian cancer was a study showing strong positive correlation between the presence of CD3 C tumor-infiltrating lymphocytes (TILs) and patient survival. 1 In the same study, immunohistochemical staining also revealed that intratumoral CD4
C and CD8 C cells are either both present or both absent. Thereafter, numerous studies have confirmed the prognostic power of intraepithelial CD3
C , CD4 C and CD8 C TILs in EOC. 7, 8 In addition to a strong correlation between TIL infiltration and patient survival, there are also other important factors indicating ovarian cancer as a potential target for immunotherapy. Expression of multiple tumor-associated antigens provides targets for humoral and cellular immune responses. 9, 10 The expression of tumor antigen peptide/MHC complexes can be recognized by CD8 C T cells. 3 Of note, CD3-positive tumor-infiltrating T cells are also associated with the clinical responsiveness of ovarian serous carcinoma to chemotherapy, suggesting that the efficacy of this modality may also be partially mediated immunologically.
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Unlike therapies targeted against specific tumor antigens, oncolytic viruses lyse cancer cells and prime a response against the entire pool of tumor epitopes, making them a true in situ vaccine. The remarkable potential of adenovirus for both priming and boosting immune responses sets it apart from other oncolytic viruses.
12-14 This, combined with an excellent safety record, makes adenovirus a versatile vector for various types of combination treatment.
ONCOS-102 is an oncolytic serotype 5 adenovirus that features a 5/3-chimeric capsid for enhanced gene delivery to cancer cells. In addition, it is armed with a granulocyte macrophage colony-stimulating factor (GM-CSF) transgene. 15 GM-CSF functions by directly recruiting antigen presenting cells (APCs) and natural killer cells, as well as by activating and maturing APCs at the tumor site. 16, 17 Having completed a Phase I trial (NCT01598129) with ONCOS-102 for the treatment of solid injectable tumors, we report a 38-year-old woman with Stage 3 metastatic micropapillary serous carcinoma of the ovary. We hypothesize that oncolysis and local expression of GMCSF worked together to initiate an innate immune reaction that primed the antitumor immune response for subsequent infiltration of lymphocytes. The patient had previously been treated with surgery, followed by 7 different chemotherapy regimens (paclitaxel/cisplatin, docetaxel/cisplatin, topotecan, gemcitabine, etoposide, and 2 regimens with paclitaxel/carboplatin). These treatments led to varied responses of limited duration. In the trial this chemotherapy refractory patient was treated with ultrasound-guided intratumoral injections of ONCOS-102. Two tumors were chosen for injection based on their size and accessibility, one located in the lesser pelvis and the other between the spleen and colon. The treatment dose was 3 £ 10 11 virus particles, of which one-fifth was given intravenously and four-fifths intratumorally at the first treatment (day 1). Subsequent treatments were given at the same dose intratumorally on days 4, 8, 15, 29 and monthly thereafter, for a total of 9 treatments. The design of the treatment schedule aimed to achieve efficient priming through oncolysis and subsequent tumor antigen presentation. We believe that continuing the therapy after the initial intense priming was a requisite for a regular immune system boost and update of the tumor antigen profile. Since regulatory cells are known to contribute to the tolerogenic microenvironment that compromises antitumor immune responses, 3, 4, 18 concomitant low-dose (50 mg daily) cyclophosphamide was included to downregulate tumor-promoting T regulatory cells. 19, 20 This chemoimmunomodulation was given orally, starting 1 day after the first virus injection and continuing up until day 169.
Our data suggest local, rather than systemic, GMCSF production, as there were signs of viral activity but no elevation of GMCSF in the serum. Levels of proinflammatory cytokines IL-6 and IL-8 and anti-inflammatory IL-10 were temporarily elevated after each treatment. According to standard terminology criteria for adverse events (CTCAE), only grade 1-2 adverse events were observed. Anti-adenoviral neutralizing antibodies (NAbs) were present at baseline, increased further after treatment, and remained elevated throughout the trial. This did not seem to reduce the effect of repeated local administration of the virus as viral DNA was consistently detected in blood, suggesting ongoing viral replication despite NAb induction.
To measure antitumor activity, the 2 injected tumors and 1 non-injected lesion located in the mesenterium were followed by computed tomography (CT) and positron emission tomography (PET). One of the 2 injected tumors, the one located between the spleen and colon, was biopsied at baseline and 1 and 2 months after treatment initiation and immunohistochemical staining for TILs was performed. The baseline biopsy collected at initiation of the immunotherapy lacked TILs. We believe that the heavily immunosuppressed tumor microenvironment, surgery, and several rounds of chemotherapy may all have contributed to the scarcity of TILs. 21 A dramatic increase in peritumoral cytotoxic CD8
C T cells and CD4 C helper T cells ( Fig. 1) was seen in the biopsies collected 1 and 2 months after treatment , and CD8 C T cells. Briefly, 3-mm sections were cut from formalin-fixed and paraffin-embedded tissues and processed for immunohistochemical staining with a Ventana BenchMark XT immunostainer (Ventana Medical Systems, Tucson, AZ). For CD3 and CD8, anti-CD3 rabbit monoclonal antibody (clone 2GV6, ready to use; Ventana, Roche), and anti-CD8 rabbit monoclonal antibody (clone SP57, ready to use; Ventana) were used, and visualization was performed using UltraViewDabv3 with amplification (Ventana). For CD4, a 1:100 dilution of CD4 rabbit monoclonal antibody (clone SP35, Cell Marque) was used and visualization was performed using OptiView DAB IHCv3 (Ventana). The specimens were counterstained with hematoxylin and post counterstained with bluing reagent. Positive staining is shown in brown.
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initiation. Microarray data from the posttreatment biopsy further confirmed immune activation at the tumor site. High expression levels of genes encoding cytotoxic factors granulysin, granzyme B, Figure 2 . Gene expression levels in tumors 2 months after treatment initiation. Total RNA was extracted from snap-frozen core needle tumor biopsies taken 2 months after treatment initiation and gene expression profiling was performed using HumanHT-12 Illumina microbead chips (Illumina Inc., San Diego, CA). The average signal values were quantile-normalized, log2-transformed, and annotated using the package lumi (Bioconductor open source software). Chip-dependent batch effects were removed using empirical Bayes methods. Whisker box-plots present gene expression estimates for 8 reference patients (not subjects of this report) treated in the same Phase I trial. The red line in each box plot indicates the gene expression estimate of the given molecule for the ovarian cancer patient that was the subject of this report. In comparison to reference patients, markedly elevated expression levels of genes encoding cytotoxic factors (granzyme B, perforin, and granulysin) and genes related to Th1 response (IFN-gamma, TNF-a, and interferon regulatory factor 1 [IRF1]) suggest that CD8
C TILs had an effector phenotype and that the tumor microenvironment was polarized toward a Th1 immune signature. Furthermore, genes encoding markers of cytotoxic M1 macrophages (CCL15, CXCL9, CXCL10) showed higher expression levels than genes encoding markers of tumor-promoting M2 macrophages (CCL17, CCL22, CCL24, CCL1), indicating an immunologically active tumor condition. and perforin suggest that tumor infiltrating CD8 C T cells displayed an effector cell phenotype (Fig. 2) . Furthermore, relatively high expression of a favorable Th1 type 22, 23 and immune cytokines and mediators (IFN-g, TNF-a, IRF1) were detected. Antitumor M1-type macrophage markers (CCL15, CXCL9, CXCL10) were present after treatment whereas there was relatively low expression of tumor-promoting M2 macrophage markers CCL17, CCL22, CCL24, and CCL1 (Fig. 2) . We think that oral low-dose CPO potentially worked together with ONCOS-102 to reduce tumor-induced immune tolerance. 19, 20 Such a therapy-induced change to the microenvironment could make tumors susceptible to other immunotherapies.
To further investigate the nature of the induced immune activation, CD8
C cells from peripheral blood mononuclear cells were analyzed with IFN-g ELISPOT for recognition of the cancer-testis antigens NY-ESO-1, MAGE-A1, MAGE-A3 and a differentiation antigen mesothelin. Mesothelin is reported to be widely expressed in ovarian carcinoma. 24 Samples from different time points were combined to represent a pool of baseline, early, and late immune responses. Before treatment, antigen-specific CD8 C T cells were not detectable. Cellular immune responses against all antigens tested were detected among the CD8 C T cells that had been collected on days 8-85. In this early pool, mesothelin-recognizing CD8 C T cells were the most numerous and lower levels of cells recognizing NY-ESO-1, MAGE-A1, and MAGE-A3 were also detected (Fig. 3) . Thus, the treatment was able to break tumor tolerance and initiate a tumor-specific immune response, most probably by priming the immune system and facilitating tumor-antigen presentation to cytotoxic cells. In the late pool of CD8 C T cells collected 113-169 days after starting the treatment, levels of antigen-specific T cells had decreased and only MAGE-A1-specific CD8
C T cells could be detected. One can speculate that either concomitant or sequential treatment with an immune checkpoint inhibitor might be beneficial for potentiation of the tumor-targeted T-cell response initiated by ONCOS-102 and could result in a more significant clinical response. Importantly, the presence of CD8 C T cells that are negatively regulated by PD-1/PD-L1 interactions within the tumor has been shown to be required for successful PD-1 therapeutic blockade. 25 Disease stabilization was achieved in both injected tumors, as evaluated by CT (C12% and C8% change in diameter) and PET (¡8% and 0% change in activity) at 3 months. PET performed at the non-treated tumor lesion also showed a 10% reduction in activity, which we believe is a strong indication of systemic immune activation targeting lesions with the same epitopes as the injected tumor lesions. This remains to be confirmed in future studies. The patient's performance status has remained good since the treatment (WHO1), and survival has now exceeded 20 months, which is unusually long for chemotherapyrefractory ovarian cancer.
To summarize, intratumoral administration of ONCOS-102 in this 38-year-old patient with chemotherapy refractory ovarian cancer initiated strong trafficking of TILs into a previously TILnegative tumor, accompanied by a favorable cytotoxic T-cell response on a transcriptional level. Importantly, tumor specific CD8 C T-cell activation was seen in peripheral blood. These results are evidence of systemic tumor-specific activity and suggest the clinical potential of locally administered immune therapy with ONCOS-102.
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